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The aim of this paper is to understand the mechanism underlying access to
credit. We focus on two important aspects of rural credit markets in Thailand.
First, moneylenders and other informal lenders coexist with formal lending insti-
tutions such as government or commercial banks, and more recently, micro-lending
institutions. Second, potential borrowers presumably face sizable transaction costs
obtaining external credit. We develop and estimate a model based on limited en-
forcement and transaction costs that provides a uniﬁed view of these facts. The
results show that the limited ability of banks to enforce contracts, more than
transaction costs, is crucial in understanding the observed diversity of lenders.
JEL Code: O12
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1 Introduction
Most productive activities entail a time lag between the time when inputs are acquired
and the time when output is obtained. For this reason, when self-ﬁnancing is not pos-
sible, the inputs must be purchased using credit from ﬁnancial institutions or informal
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dsources. The ﬁnancial contracts available in rural areas vary substantially depending on
the characteristics of the borrowers and lenders and the type of input being ﬁnanced.
Typical examples include small collateral-free and interest-free loans between friends
and relatives, collateralized loans from commercial banks, and loans from moneylenders
with no collateral requirements but relatively high interest rates.
This last form of lending has traditionally been viewed as unfair, with lenders taking
advantage of their position to exploit the poorer borrowers. This view is at the heart of
the policy interventions of several governments and NGOs in developing countries. These
interventions devote considerable resources to helping supply credit to poor farmers and
entrepreneurs who are otherwise denied formal credit. From the experience of countries
in Asia, Africa and Latin America, several case studies have come to challenge this old
view of informal ﬁnance and have questioned the eﬀectiveness of such policies. Siamwalla
et al. (1993) and Bell (1993) have shown that, despite the injection of formal credit,
informal ﬁnance is still used and the interest rates charged have not been aﬀected by
the increased presence of formal credit.1
In addition, two often neglected pieces of evidence of the behavior of farmers and
businesses in rural Thailand seem to render this traditional view overly simplistic. First,
borrowing businesses and farms with a larger fraction of assets that can be used as
collateral tend to be more active in the formal credit market.2 Second, borrowers are
often customers in both the formal and informal credit markets.3
The literature has taken two distinct approaches to modelling the coexistence of
formal and informal lenders. The ﬁrst assumes that only informal lenders have access
to institutional credit who then re-lend to poorer borrowers. The work by Hoﬀ and
Stiglitz (1997), Bose (1998) and Floro and Ray (1996) follow this approach.4 The second
considers formal institutions competing directly with informal lenders. In this strand,
1On this point see also the collection of articles in Von Pischke, Adams and Donald (1983) and
Braverman and Guasch (1986, 1993), Hoﬀ and Stiglitz (1993), Besley (1994) and the book by Ar-
mend´ ariz de Aghion and Morduch (2004).
2This point was also developed in the context of Thailand by Feder et al. (1988) and Feder (1993).
They ﬁnd that farmers with titled land have greater access to institutional credit. The land title enables
the owner to sell, transfer and legally mortgage the land, and it is used as collateral.
3Siamwalla et al. (1993) document that 10% of households were active clients of both formal and
informal sources. However, Udry (1993) and Aryeetey (1997) ﬁnd little evidence of this in rural Africa.
We do not claim that this fact is pervasive across developing countries but it is relevant in our country
of study, Thailand.
4Another model related to this approach is presented in Ghosh and Ray (1999). They focus on loan
enforceability when credit histories are not available to (informal) lenders.
2several theoretical explanations have been oﬀered to explain why some households decide
to resort to multiple creditors. Bell et al. (1997) argue that an imposed limit on
the amount of credit that formal institutions can grant may trigger some constrained
borrowers to turn to the informal sector for additional credit. For the particular case of
India, Kochar (1997) evaluates the empirical plausibility of this argument and ﬁnds little
evidence of credit constraints. Jain (1999) and Conning (1996, 1998) postulate that if
informal lenders have an informational advantage, formal lenders will screen borrowers
by partially ﬁnancing the project, thus forcing the borrower to resort to an informal
lender. This way, banks ensure that the project will be monitored.
Also implicit in the discussion of rural credit markets is the notion that impediments
to trade or transaction costs may be important. Indeed, in villages without formal
credit institutions, potential clients spend time and money every time they travel to the
closest branch. Sometimes, it takes several trips before the loan is granted. In contrast,
moneylenders usually live in the same village and will often themselves visit their clients
thereby becoming more accessible.
In this paper we develop a model that provides a uniﬁed view of the facts mentioned
above and whose tractability allows a structural estimation. The model is based on
two key features. First, in the spirit of Townsend (1978, 1983) and Greenwood and
Jovanovic (1990), access to credit is modelled explicitly by assuming that a ﬁxed cost
must be foregone in order to obtain external credit. Second, we assume that banks have
limited ability to enforce credit contracts. Suppose that a productive project requires
an investment in both ﬁxed and working capital. The diﬀerence between both types of
capital is that ﬁxed capital remains after production has taken place and hence it can
be used as collateral, while working capital is fungible and transformed into output.5 In
addition, suppose that bank clients have the option to default on the contract before
producing, in which case they keep the working capital but lose all savings deposited at
the bank and the ﬁxed capital, which is seized. This imperfect enforceability eﬀectively
imposes a maximum amount of working capital that the bank is willing to lend.
In this scenario, some borrowers may ﬁnd it proﬁtable to seek an informal lender for
additional working capital. If the productive assets that households use diﬀer in the ratio
of working to ﬁxed capital, banks will tend to ﬁnance entrepreneurs whose technology
5We could also think of ﬁxed capital as assets with relatively high scrap value, perhaps due to a
well-functioning secondary market.
3is intensive in ﬁxed capital, whereas entrepreneurs that require relatively more working
capital, will be ﬁnanced primarily by informal lenders.
In addition, if the transaction costs of accessing formal ﬁnance are large, households
that need little credit will tend to rely on informal lenders whereas those with large
credit needs will be better oﬀ incurring the ﬁxed costs in order to have access to a lower
cost of capital.6
Empirical research on rural credit markets faces the problem that the combination
of unobserved heterogeneity and of endogenous matching of agents into borrowing from
diﬀerent lenders can create selection biases on the parameters of interest.7.
The approach taken here diﬀers from that of Bell et al. (1997), Kochar (1997) and
Conning (1996) and resembles Key (1998) in that we estimate the likelihood of borrowing
from each source as dictated by the structure of the model. This way, we are able to
assess how important enforcement problems vis ` a vis transaction costs are in the overall
picture of credit markets.
The data used come from a cross-section survey conducted in Thailand in 1997, an
interesting country because despite the growth episode experienced in the 1980s, formal
credit is still limited in rural areas.8,9
The estimation results raise several points. First, there are disparities in the cost of
accessing diﬀerent lenders: while the estimated cost of accessing a formal institution is
on average US$30, the cost of accessing an informal source is negligible. Second, the
cost of accessing formal ﬁnance depends on the characteristics of the household, such
as the proximity to the bank or whether the household has a savings account. Third,
the model suggests that roughly 85 percent of households that resort to the bank are
constrained. Thus, most households receive a lower credit amount because if the bank
were to advance to them more capital, they would have the incentive to default.
6This point is also made in Braverman and Guasch (1986, 1993), Hoﬀ and Stiglitz (1993), Besley
(1994), Key (1997), and more generally in Banerjee (2003)
7See Chiappori and Salani´ e (2003) for a survey on empirical studies of contract theory, Key (1998)
and Banerjee and Duﬂo (2003) for a review of the econometric issues in credit market studies.
8See Gin´ e and Townsend (2004) for a welfare evaluation of the credit liberalization that took place
in Thailand from 1975 to 1997.
9Using the same data set, Paulson and Townsend (2004) ﬁnd evidence of credit constraints as wealth,
even controlling for talent, contributes signiﬁcantly to business start-ups.
4All these facts taken together indicate that the presence of enforcement problems,
more than transaction costs, is crucial in explaining why formal credit is not accessible to
everyone. Indeed, if we compare the estimated setup to the one without ﬁxed transaction
costs, average income would only increase by 0.1 percent, but if we compare it to the one
with perfect enforcement, average income would increase by 25 percent. These numbers
suggests that there is much to be gained from designing successful policy interventions.
To this end, we provide some evidence as to why credit subsidies in the form of a
lower interest rate below the market level may not be an eﬀective tool to combat poverty.
First, banks are less willing to extend credit. Second, lower ability entrepreneurs are
attracted, worsening the pool of loan applicants. The combination of these factors will
lead to lower repayment rates, a fact that has been stressed in the literature. On the
other hand, a land titling program would mitigate the enforcement problem and lead to
an increase in formal credit. The ability of the loan applicant pool would not change,
suggesting that repayment rates should not worsen.
The rest of the paper is organized as follows. Section 2 describes the model. Section
3 focuses on the core of the model given by a ﬁnancial choice diagram. Section 4
presents the data used and describes its salient features. Section 5 turns to the maximum
likelihood estimation of the underlying parameters of the model. Section 6 presents the
estimation results and provides a quantitative assessment of government policies used
in rural development. Finally, Section 7 concludes.
2 The Model
The model is static and deterministic. Agents are income maximizers and diﬀer in
wealth b, entrepreneurial ability z, and the type of project (K,η) to be deﬁned below.
Thus, there are four sources of heterogeneity. Each entrepreneur decides how to ﬁnance
the project by choosing to self-ﬁnance, resort to a formal or informal institution, or
borrow from both sources. In addition, all agents can deposit their wealth in the formal
institution or bank at no cost.
A formal credit institution, in this paper, is a proﬁt maximizing intermediation entity
that relies exclusively on the existing legal system to enforce contracts. In contrast,
5informal lenders may resort to other mechanisms.10 Informal lenders lend out of their
own wealth and may resort to a formal institution for additional funds to re-lend, while
formal institutions lend out of the collected deposits. The opportunity cost of funds is
higher for the moneylender, however, because she can always deposit funds at the bank.
Hence, there is a tradeoﬀ between both sources of credit: while banks have access to a
lower cost of funds, moneylenders can prevent their clients from “running away” with
the borrowed capital.
The time-line of events is given in Figure 1. The enforcement problem is modelled


















Figure 1: Time-line of the model
There is no uncertainty, so agents will simply seek to maximize end-of-period net
income. Each entrepreneur has access to the following technology:
f(z,k;K,η)=zk + ˜ δ(1 − η)k, s.t. k ≤ K, (1)
where k denotes total capital invested and K is the maximum scale at which each
individual can operate. The term ˜ δ(1 − η)k captures the value of the ﬁxed capital once
production has taken place. The parameter ˜ δ may be interpreted as the fraction of
non-depreciated capital and η denotes the fraction of working capital relative to total
capital used in the production: if the ratio η is one, only working capital is used and
the project has no scrap value, whereas if the ratio η is zero, all capital used is ﬁxed
10The idea behind this assumption is that informal lenders can terminate a credit relationship or exert
psychological pressure or harm their clients if they do not repay back their loans. Quoting Aryeetey
(1997),
“To discourage default informal lenders go the homes of their clients to deliver verbal
warnings.”
Similarly, Aleem (1993) ﬁnds evidence of large switching costs between informal lenders, suggesting
that reputation is important.
6and will remain after production has taken place.11 We can simplify notation by letting
δ = ˜ δ(1 − η), where parameter δ is now individual speciﬁc through the dependency on
η.
Throughout the paper, we deﬁne a constrained household as the one that invests a
level of capital below its maximum capacity, so that k<K . Similarly, an unconstrained
household invests the full amount k = K.
We now proceed to compute the net income obtained from each ﬁnancial choice.
Net income Y depends explicitly on the household ability z,w e a l t hb and the type of
project (K,η). It is also subscripted by the ﬁnancial choice: self-ﬁnance (S), bank (B),
moneylender (M), and bank and moneylender (BM).
If the entrepreneur decides to self-ﬁnance (S), she will obtain a net income of
YS(z,b;K,η)=m a x
k
zk + δk +( b − k)rD
s.t. k ≤ b, k ≤ K.
(2)
where rD denotes the interest rate on deposits. Since the technology is linear, we can





K if z ≥ rD − δ and b ≥ K,
b if z ≥ rD − δ and b<K ,
0i f z<r D − δ.
(3)
In words, she will invest K if it is proﬁtable and she has enough wealth, will invest her
total wealth b if the maximum scale K is larger than her wealth, and will not invest at
all if the return on the investment is lower than the interest the bank pays for deposits.
If she goes to the bank (B), her net income can be written as
YB(z,b;K,η)=m a x
k
zk − lBrB +( b − k + lB)rD + δk − ΓB
s.t. k ≤ K and
zk − lBrB +( b − k + lB)rD + δk ≥ ηk.
(4)
11In other words, capital k is the sum of ﬁxed capital kF and working capital kW. Then, η = k
W
kW+kF .
7The interest rate rB denotes the cost of borrowing and the parameter ΓB captures
the ﬁxed transaction cost of dealing with a bank. This cost parameter captures all
expenses related to obtaining the loan: trips to the bank, bank fees and due diligence
to assess the repayment capacity of the borrower. By having the borrower pay ΓB,
the bank learns the borrower’s characteristics (z,b,K,η). The last constraint captures
the enforcement disadvantage that banks face. Before producing, bank clients can “run
away” with the working capital advanced, at the cost of losing all their deposited wealth
as well as the ﬁxed capital scrap value, which will be seized by the bank. Implicitly, we
assume that although banks may fully observe their borrowers’ actions, they have no
legal mechanisms to prevent a borrower from “consuming” the working capital.
Also implicit in the agent’s problem stated in (4) is the notion that banks are compet-
itive and will, therefore, oﬀer contracts that maximize their clients’ income. The agent
will borrow an amount lB = k − b, (i.e. the diﬀerence between total capital invested k
and wealth b), so we can rewrite the agent’s net income in (4) as:
YB(z,b;K,η)=m a x
k
zk − (k − b)rB + δk − ΓB
s.t. k ≤ K and
zk − (k − b)rB + δk ≥ ηk.
(5)
The optimal choice of capital for the entrepreneur depends on whether or not the en-
forcement constraint is binding. If it binds, the maximum amount of capital that the




η − (z + δ − rB)
. (6)
The above expression is found using the enforcement constraint at equality and solving
for k. Notice that there will be less constraints if the project is more productive (ability
z is high), the entrepreneur is richer, or she operates a technology with relatively more
ﬁxed assets (lower η).12
If the constraint does not bind, the entrepreneur earns net income YBu =( z + δ −
rB)K + rBb − ΓB, while if it binds, she earns YBc = ηkc − ΓB.
12The expression in (6) written as kc ≡ λ(z,η)b can be seen as a generalization of the parameter
λ in Evans and Jovanovic (1989). In their paper, λ measures the amount that can be borrowed from
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Figure 2: Optimal investment k
Figure 2 plots the optimal investment k as a function of ability z. When the return
on the investment z+δ is lower than the deposit rate rD, it pays to keep the money in the
bank. When ability is higher than the cutoﬀ rD − δ but lower than some level zBc
S ,t h e
agent self-ﬁnances investing her total wealth. The cutoﬀ ability zBc
S is found by equating
the net incomes from self-ﬁnancing and that of resorting to a bank but being constrained.
The capital invested is larger than wealth b because the ﬁxed cost ΓB of transacting with
the bank must be foregone. Notice also that, in this segment, investment is an increasing
function of ability z until the capacity constraint K is reached. For higher ability values,
the agent will be unconstrained.
Now suppose that the agent resorts to a moneylender. The amount borrowed is
lM = k − b and her net income becomes:
YM(z,b;K,η)=m a x
k
zk − (k − b)rM + δk − ΓM
s.t. k ≤ K, (7)
where rM denotes the interest rate charged by the moneylender and it is assumed that
rM >r B. The moneylender is not subject to enforcement problems and will therefore
9advance lM = K − b so that the the entrepreneur operates the project at maximum
capacity.13
Finally, the entrepreneur may ﬁnd it in her interest to resort to both a bank and
a moneylender (BM). This case will arise if the bank oﬀers too little capital due to
enforcement problems: the project may be intensive in working capital (high η)o rt h e
entrepreneur may not be talented enough to convince the bank that she will not default
on the loan contract and run away with the working capital. Since the interest rate
charged by the moneylender is higher than that of the bank, the agent borrows from the
bank as much as the bank is willing to lend her lB = kc − b and will then turn to the
moneylender to ﬁnance lM = K − kc, the remaining capital requirement.14
Net income can be written as total revenues from investing the maximum scale
(z + δ)K minus loan repayments and ﬁxed costs. More formally,
YBM(z,b;K,η)=zK − (k
c − b)rB − (K − k
c)rM + δK − ΓB − ΓM or
YBM(z,b;K,η)=YM(z,b;K,η)+( k
c − b)(rM − rB) − ΓB (8)
= YBc(z,b;K,η)+( K − k
c)(z + δ − rM) − ΓM
where YBc(z,b;K,η) denotes net earnings from dealing with the bank when capital is
constrained.
In sum, the model posits that an entrepreneur with wealth b and fraction of working
to total capital η, facing interest rates rB,r M a n dﬁ x e dc o s t sΓ B,ΓM, will decide how
to ﬁnance her project based on her maximum scale K and entrepreneurial ability z,b y
choosing the lender that oﬀers the credit contract yielding the highest net income. In
the next section, we construct a diagram that explains this ﬁnancing choice given the
entrepreneur and project characteristics.
13The problem in (7) assumes that moneylenders behave competitively. As mentioned in Banerjee
(2003), Aleem (1989) and other studies present evidence suggesting that informal lenders earn on average
relatively low proﬁt margins, a ﬁnding consistent with competition.
14Bell et al. (1997) provide direct evidence of this sequential structure in which households ﬁrst
approach a formal institution and then resort to informal sources for additional funds.
103 The Financial Choice Diagram
The goal is to construct a diagram that determines the optimal ﬁnancial choice for any
point in the ability-scale space (z,K). This space is chosen because ability z and scale
K are unobserved. The observed variables such as wealth b, the fraction η, interest
rates and transaction costs are ﬁxed in the background and determine the curves in the
diagram. The idea is simply to obtain cutoﬀ scale values K as a function of ability z
that leave an agent indiﬀerent between any two lending choices. The notation for all
critical cutoﬀ scales in Figure 3 except for KEC(z) is such that KM
S (z), say, is found
by equating net incomes YS = YM. The cutoﬀ scale KEC(z) is simply Equation 6.
These critical levels depend on the variables (b,η) and parameters (rB,r M,ΓB,ΓM).15
For example, if the ﬁxed cost of accessing the bank ΓB declines, the cutoﬀ curves will
move enlarging the region where the agent is better oﬀ resorting to the bank. In fact,
as stated in Proposition 1 below, some regions that appear in Figure 3 do not exist for
certain combinations of variables and parameters. We now provide some intuition why
these regions arise where they do, while Appendix B shows how these diﬀerent cutoﬀ
curves are obtained analytically.
Region S (Self-Finance): If the agent has a scale K below KM
S (z)o rKBu
S (z),
she will self-ﬁnance (Region S). For a given capacity constraint K, the higher the en-
trepreneur’s ability z, the more likely she is to look for outside funds. Intuitively, if the
entrepreneur is not very talented, it doesn’t pay to incur the ﬁxed costs and interest
rates in order to expand capacity.
Region M (Moneylender only): When the entrepreneur decides to ﬁnance the
project externally, Region M becomes relevant if the scale K is lower than KBu
M (z)o r
higher than KM
Bc(z). In the ﬁrst case, the amount of credit needed is small (the scale
K is close to wealth b) and so saving on bank interest payment does not compensate
its higher ﬁxed cost. In the latter case, since wealth b is ﬁxed in Figure 3, the amount
of credit needed (loan size) increases with capacity constraint K. However, given her
relatively low ability z, the bank is not willing to advance enough capital to make savings
on interest payment worthwhile, and so the entrepreneur is better oﬀ resorting to the
moneylender only.









































Figure 3: Financial Choice Map
The solid thick lines mark the diﬀerent ﬁnancial choices, S,M,B,BM. The
horizontal dashed line indicates the level of wealth b. The cutoﬀ values of
ability z displayed are deﬁned in Appendix B.
Region BM (Bank and Moneylender): If the scale K is higher than the cutoﬀ
KBM
Bc (z), she will resort to both a bank and a moneylender (Region BM). The con-
strained amount kc that a bank is willing to lend is increasing in ability z (see Equation
6). Thus, for a given ability-scale pair (z,K) in the upper Region M,i fw eﬁ xt h e
scale K and increase the ability z, we reach a point where the entrepreneur will ﬁnd it
proﬁtable to incur the ﬁxed cost ΓB and reduce total interest payment by borrowing less
from the moneylender.
Region Bc and Bu (Bank only, Constrained and Unconstrained): If the scale
K falls between the cutoﬀs KBu
M (z)a n dKEC(z), she will borrow from a bank and be
unconstrained (Region Bu), earning income YBu, whereas if it falls between the cutoﬀs
KEC(z)a n dKM
Bc(z)o rKBM
Bc (z), she will still borrow from a bank but be constrained
(Region Bc) and earn income YBc. For low ability levels, the bank will limit the amount
of lending because the entrepreneur is tempted to “run away” with the working capital
if she was granted the maximum capacity K.
12The following proposition describes the conditions that the variables (b,η) and pa-
rameters (rB,r M,ΓB,ΓM) must satisfy to generate a particular ﬁnance map. The proof
is relegated to Appendix B.1.
Proposition 1. There exist wealth levels ˆ b and ˜ b, ˆ b<˜ b such that:
i) If 0 ≤ b<ˆ b then wealth b is so low that the separate regions M in Figure 3 merge
together.
ii) If ˆ b ≤ b<˜ b and η>r M − rB we obtain Figure 3.
iii) If b ≥ ˜ b and η>r M − rB,t h et o pr e g i o nM disappears because wealth b is so high
enough that even though the agent is constrained, the bank will advance enough
capital to make going to the moneylender alone never optimal.
iv) If η<r M − rB the ratio of working to total capital η is so low that banks have no
problem in advancing funds. The top region M and the region BM disappear.
In order to explain the ﬁnancial choices observed in the data, both elements of the
model –limited enforceability and transaction costs– are needed. To see this, the left
panel of Figure 4 was constructed using the parameter values of Figure 3 but setting the
ﬁxed costs ΓB =Γ M = 0. In the absence of transaction costs, all agents that require
ﬁnancing ﬁrst borrow from the bank, and only those that are constrained also borrow
from the moneylender. Thus, Region M disappears as it never pays to resort only to the
moneylender. Consider now a situation where banks are able to enforce credit contracts
perfectly. Since now banks advance funds up to the maximum scale K,t h ec h o i c e
between bank and moneylender is driven solely by the magnitude of the ﬁxed costs and
the loan size. In this scenario, Region BM disappears because the entrepreneur is never
constrained. This is shown in right panel of Figure 4, still drawn using the parameter
values of Figure 3.
Since the data report household in each of the four ﬁnancial choices, namely S, B,
M and BM, both elements of the model are relevant.
Clearly, for a given entrepreneur and ﬁnancial choice, one feature, say the cost of
accessing formal credit, may be more relevant than another. Thus the diagram faced by
this household will diﬀer from that of another household. The point is that some regions
are relevant for certain households and thus the model must be ﬂexible to accommodate













Figure 4: Financial Choice without transaction costs (left) or perfect enforcement (right).
other parameters so as to maximize the likelihood that a household obtains the reported
expected net income from its ﬁnancial choice in the particular diagram it faces.
4T h e D a t a
The data used in this paper are the Townsend-Thai data set and come from a special-
ized but substantial cross sectional survey conducted in two provinces in the Northeast
and two in the Central region of Thailand in May l997. It contains a wealth of pre-
crisis socio-economic and ﬁnancial data on 2,612 households.16 The survey instruments
collected current and retrospective information on wealth (household, agricultural, busi-
ness and ﬁnancial) and access and use of a wide variety of formal and informal ﬁnancial
institutions (commercial banks, agricultural banks, village lending institutions, mon-
eylenders, as well as friends, family and business associates). The data also provide
detailed information on household demographics, education and other characteristics.
Because these data provide rich and detailed information about the household and the
ﬁnancial intermediaries, they are particularly well suited for the present study. Appendix
A describes how the variables are constructed from the original data. We now turn to a
brief description of some of the salient features of the data and constructed variables.
16See Townsend et al. (1997) for more details on the sampling methodology and the data. From the
original data of 2,880 households we dropped those did not report expected income.
144.1 Features of the Data
The survey reveals that households are very active in the credit market as roughly half
of the sample has between one and two loans and only about a third of the households
have no outstanding loans.
Table 1 displays the characteristics of loans given by diﬀerent lenders. The formal sec-
tor, especially through the Banc for Agriculture and Agricultural Cooperatives (BAAC),
does the bulk of the lending accounting for 69 percent of the total volume of lending17.
BAAC loans, which alone lends out 36.5 percent of volume, are divided into individual
loans, which are backed by collateral, and group loans, which only require guarantors.
When we consider the number of loans, the formal sector still dominates the informal
giving out 59 percent of the total number of loans.18 Although the standard deviations
are also high, the hypothesis that the average amounts are equal across diﬀerent sources
of lending can be rejected at a 5 percent signiﬁcance level.
The average length of the loans is surprisingly high, especially if compared with the
ﬁndings of Aryeetey (1997). He reports an average maturity of loans from moneylen-
ders of 3 months, although he ﬁnds that the practice of rolling over short-term debt is
widespread. The large standard deviation in the duration of the loans suggests sizable
disparities in the maturities. The median length is 47 months for loans from commercial
banks and 12 months for the rest of formal and informal institutions.
Table 1 also reports two net interest rates, r, computed using all loans and rc,
computed only using loans bearing a positive interest rate. As expected, informal lenders
tend to charge a higher interest rate. Among formal loans, it is the institutions which
require collateral that charge lower interest rates. Given that these institutions tend to
disburse larger amounts, this may reﬂect lower costs of funds or lower intermediation
costs. We also report the fraction of loans that required collateral. As expected, loans
from commercial banks and, by construction, individual BAAC loans, are mostly backed
by assets.
17The BAAC is a government development bank and a major credit institution in the rural areas of
Thailand. Since 1977, the BAAC has been providing loans to farmers with collateral requirements for
loans exceeding US$2,400, loans to farmer groups through agricultural cooperatives and saving services.
18This signiﬁcant presence of the formal sector is in contrast with the ﬁndings of Udry (1993) and
Aryeetey (1997) in rural Africa, where formal credit remains small.
15Table 1: Loan Characteristics by lender
Obs. Lσ (L) Maturity rr c Collat. Z. Int.
Com. Bank 118 196 246 54 0.2208 0.2326 83.1 5.1
BAAC 1,293 41 80 20 0.2232 0.2239 29.4 0.3
Individual 380 75 130 30 0.1273 0.1273 100.0 0.0
Group 913 27 37 16 0.2631 0.2643 0.0 0.5
Ag. Coop 353 43 69 18 0.1373 0.1385 36.3 0.9
Vil. Inst. 174 47 103 32 0.1036 0.1639 9.2 36.8
Informal P 553 51 157 21 0.4203 0.5176 20.1 18.8
Informal R 820 20 44 17 0.2736 0.5499 4.9 50.2
Formal 1,928 51 106 23 0.1948 0.2041 31.9 4.6
Informal 1,373 33 106 18 0.3327 0.533 11.0 37.6
Note: Each loan is counted as an observation. Com. Bank includes Finance and Insurance
Companies. Village-level Institutions include loans from Village Funds, Rice Banks, Buﬀalo
Banks and Production and Credit Groups. “Informal P” includes Moneylenders, Store Owners,
Landlords and traders. “Informal R” includes friends and relatives. Column L reports the
average loan size and column σ(L) its standard deviation in 1,000 Baht. The ﬁgures in both
columns are in Baht. The length of the loan is in months. The interest rates r and rc are
net and yearly compounded. Column “Collat.” reports the percentage of loans that required
collateral. Finally, column “Z. Int.” reports the percentage of loans given interest-free.
Source: Townsend-Thai data.
Table 2 reports the variables by source of credit that will be used in the estimation.
From the sample of 2,612 households, 34 percent of the sample self-ﬁnance, 36 percent
borrow from a formal institution, 17 percent borrow from an informal lender only and
13 percent of the sample borrow from both a formal and an informal lender. These
numbers are large if compared to those of Aryeetey (1997) where only 16 percent of all
households interviewed in the Ghana Living Standards Measurement Survey reported
borrowing from the formal sector.
Observed loan size k − b is large for clients of a formal institution that requires
collateral and for those households who resort to both a formal and informal lender.
This ﬁts well with the prediction of the model that institutions with higher ﬁxed costs
should cater to households with higher ﬁnancing requirements. A test of equal mean
capital requirements across lending choices that is easily rejected by the data.
Those who borrow from a formal institution are also wealthier than those who bor-
row from an informal source or both sources. Those who self-ﬁnance are, on average,
16Table 2: Summary of Model Variables
Own Formal C Formal NC Informal Both
Loan size
Mean — 125 37 35 126
Std. Dev. — 297 57 98 257
Wealth
Mean 1,715 1,952 1,207 982 1,182
Std. Dev. 6,116 6,014 4,495 4,223 5,087
Expected Income
Mean 1,946 2,311 1,440 1,198 1,459
Std. Dev. 6,319 6,417 4,745 4,386 5,423
Working to Total Capital ratio
mean 0.649 0.513 0.706 0.747 0.684
Std. Dev. 0.331 0.318 0.320 0.298 0.329
Credit Constraints
mean 0.380 0.563 0.668 0.517 0.652
Std. Dev. 0.486 0.497 0.471 0.500 0.477
Mean Household Characteristics
Years of education 3.877 4.217 4.377 3.797 4.440
Head of Household is Male 0.694 0.791 0.852 0.775 0.831
Past client of formal inst. 0.457 0.802 0.787 0.523 0.712
Past client of informal inst. 0.155 0.203 0.226 0.229 0.215
Formal inst. present in village 0.278 0.783 0.759 0.443 0.762
Number of formal inst. in village 0.540 1.534 1.516 0.888 1.583
Savings in formal institution 0.510 0.814 0.834 0.329 0.800
Member of a village committee 0.056 0.121 0.140 0.074 0.119
Observations 880 446 494 447 345
Note: The category “Own” includes households who do not have outstanding loans. “Formal
C” includes institutions that require collateral: Commercial Banks, Finance and Insurance
Companies and BAAC individual loans. “Formal NC” includes BAAC group loans, loans
from Agricultural Cooperatives and loans from village-level institutions. “Informal P” and
“Informal R” are merged into Informal. “Both” include households who actively borrowed
from both formal and informal sources. Capital requirements, wealth and income ﬁgures are
in 1,000 Baht.
Source: Townsend-Thai Data.
wealthier than informal borrowers but the high standard deviation suggests that there
is more dispersion. The model can also rationalize these facts. Holding the ratio η and
ability z constant, wealthier households will rely on formal institutions for additional
17funds because they are in a better position to put up collateral. In addition, wealthy
households that decide to self-ﬁnance can be interpreted as having a low scale project
or not being very talented (low z). The top panels of Figure 5 complements Table 2 by
displaying the distribution of the log of wealth b and loan size k − b.
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Figure 5: Kernel Density Estimations
Legend: Formal C “-”, Informal “···” Both “- -”.
Table 2 and the lower panels of Figure 5 report the average working to total capital
ratio η and the constructed measure of expected income y. The lower right panel of
Figure 5 plots the cumulative distribution of the log of ratio η. Indeed, the mean ratio
η behaves as the model predicts, a fact also documented by Feder et al. (1988) and
Feder (1993). Clients of banks that require collateral have the lowest average ratio η,
households that borrow from both have on average a higher ratio, whereas those who
18borrow from informal lenders only have the highest ratio. Despite the large standard
deviation, the hypothesis of equal means across borrowing choices is rejected at all
signiﬁcance levels.
The lower left panel shows the distribution of log expected income y. Together with
the top panels, one can estimate the proﬁtability in each lending choice. It seems that
“Informal” has higher proﬁtability on average than “Both” or “Formal C”. The model
can explain the relatively high proﬁtability of informal borrowers as they operate at a
small scale and decide not to incur the ﬁxed cost of formal ﬁnance.
Finally, Table 2 shows the fraction of households that report being credit con-
strained.19 Again, a test of equal means is rejected at all signiﬁcance level. Households
which borrow exclusively form the formal sector and those which are forced to resort to
both sources are more likely to be credit constrained, which as the model suggests, are
the two lending choices in which households are more likely to be credit constrained.
Finally, Table 2 reports several household characteristics that could aﬀect the ﬁxed
costs ΓB,Γ M and the value of default on a bank contract v = ηkc.
Following Guiso, Sapienza and Zingales (2004), among others, we consider measures
of the household social capital and its ties with their lenders. We proxy for social capital
using data on household membership in the village committee. Membership may capture
social characteristics such as sense of duty, trustworthiness and popularity among fellow
villagers.20
We use several measures that characterize the ties that households have with the
diﬀerent lenders. First, we record whether the household has previously borrowed from
the lender. If the borrower is an old client, the lender will have more accurate information
and will be keen on extending credit and possibly on lowering the cost of capital.21
19Households were speciﬁcally asked the following question in the survey:
If you could increase the size of your enterprise, do you think it would be more proﬁtable?
If a household responded aﬃrmatively to the question it is considered credit constrained.
20For our purposes, being respected and well-known in the community may result in greater access
to funds. However, in the case where membership in these committees grants power to divert funds for
private, non-productive purposes, then membership may be correlated with greater risk of default on
the bank loan and if so we would expect members to face the enforcement constraint more often.
21The observed correlation between past and current borrowing from a particular borrower can be
explained by two distinct scenarios. First, as a consequence of having borrowed in the past, the cost
of accessing the lender is now lower and thus it is more likely that the household will borrow again.
However, some unobserved characteristic inherent to the household may place him in a better position
19Second, we measure the strength of the relationship by looking at whether households
have savings deposits with a formal institution. The argument here is that these non-
loan services can be used by the creditor to monitor the household or obtain additional
information thereby reducing the expected cost of such loans.
5 Estimation of the Model
We consider two diﬀerent speciﬁcations of the ﬁxed costs and the value of default.
First, each household faces the same ﬁxed costs ΓB and ΓM, and is subject to the same
enforcement. Alternatively we allow these ﬁxed costs to vary among households. In
particular, we assume that ΓBi =e x p ( xBi γB)a n dΓ Mi =e x p ( xMi γM), where xji is the
column vector of characteristics of household i relevant to the ﬁxed cost Γj. Thus far, all
the observed heterogeneity is captured in the ﬁxed cost of external ﬁnance. However, it is
possible that households diﬀer in their ability to use the working capital for their private
beneﬁt. In this case, the value of defaulting on a bank contract would be household-
speciﬁc. More formally, we can write this value as v(xη)=e x p ( xηi γη)ηk where, again,
xηi is the column vector of characteristics of household i relevant for the value of default
v.
We now derive the likelihood dictated by the model. Since ability z and the maximum
scale K are not observable, this likelihood can be determined entirely from the cutoﬀ
curves Ki
j,i,j= {S,B,M,BM} in the maps described in Proposition 1, Equations 2, 5,
7 and 8 in Section 2 describing the net income from each ﬁnancial choice and the joint
distribution of ability z and scale K.
We assume that the log of ability z and the log of maximum scale K follow a bivariate
normal distribution





where ζ =l o g ( z − z)a n dκ =l o g ( K). Notice that ability has a lower bound at
z = rD − δ because it has to be worthwhile to undertake the investment. Now let
to borrow, say because a relative is a credit oﬃcer in the formal institution. Since this unobserved
characteristic is correlated through time, it may appear that having borrowed in the past is a good
predictor for current behavior when in fact it just happens to be a good proxy for the unobserved
characteristic which is responsible for the observed behavior. This so-called “state dependence” problem
is pointed out by Heckman (1981). We therefore instrument past membership using how long formal
institutions have been in the village.
20θ =( γB,γ M,µ ζ,µ κ,σ ζ,σ κ,ρ) denote the vector of parameters of the model and let
νi =( bi,η i,x Bi,x Mi,x ηi) denote the vector of variables.22 Suppose we have a sample
of n households and let li = {S,B,M,BM} denote the ﬁnancial decision taken and yi
the income derived from that choice. Then, letting the likelihood f(li,y i|νi,θ)t h a ta
household with characteristics νi facing parameters θ will choose li and derive net income





which can be maximized numerically using a standard maximization routine.24
5.1 Estimation Issues
The model imposes certain preliminary restrictions on the data. First, wealth should be
positive, so we drop all households that report zero wealth. This amounts to 9.13 percent
of the original sample. Second, according to Proposition 1.iv) the model assigns zero
probability to households that report borrowing from both sources with η<r M − rB.
These only account for 0.52 percent of the sample. Finally, 6.11 percent of the sample
is also dropped because the constructed income is too low for the model to rationalize
the choice of lender.25
The estimation requires prices rB and rM. Given the geographical dispersion in
interest rates, we use the sample village-level net interest rate charged by formal and
informal lenders respectively.26 Notice then that the cost of capital is taken to be uniform
within a given village. While formal institutions do have rigid rules for setting the
interest rate, informal lenders could in principle tailor them to borrower characteristics.
22The parameter ˜ δ cannot be estimated because there is too little variation in δ to estimate it sep-
arately from the mean of ability z. Intuitively, the assumed linearity of the technology allows only
estimation of the gross return z + δ. Essentially then only one constant is identiﬁed and we therefore
ﬁx ˜ δ =1 .
23The Appendix derives explicitly the form of the likelihood f(yi,l i | νi,θ).
24In particular, we used the MATLAB routine fmincon starting from a variety of predetermined
guesses.
25The model assigns zero probability to households that li = B and yi <r Bb and li = M or li = BM
and yi <r Mb.
26The expected inﬂation rate in Thailand was around 4 percent in 1997. After trying diﬀerent
geographical units, the village was chosen because it was the only unit where the dispersion in the
interest rates within a unit were signiﬁcantly lower than across units.
21Informal interest rates, as Banerjee (2003) suggests, can be decomposed into default
rate, opportunity cost, monitoring cost and monopoly rents. In the model here, there
is no default and no monopoly rents as moneylenders are assumed competitive, thus
informal interest rates are determined by monitoring and opportunity costs. Given the
low dispersion found in the reported informal interest rates within a village, the data
suggests that both monitoring and opportunity costs are village speciﬁc.
6 Results
We combine each “cost” with each “enforcement” speciﬁcation, thus obtaining four
diﬀerent speciﬁcations.
6.1 Parameter Estimates
Table 3 reports the estimates and standard errors of the underlying parameters of the
model.27 The ﬁrst two columns use the “Common Default Value”, while the last two
columns use the “Diﬀerentiated Default Value” where households derive diﬀerent private
beneﬁts from defaulting on the bank contract depending on their speciﬁc characteristics.
The odd columns of Table 3 restrict all households to face the same ﬁxed cost (Common
Cost) while even columns allow the the ﬁxed cost to be household-speciﬁc (Diﬀerentiated
Cost).
From Table 3, the distributional parameters share similarities across both speciﬁ-
cations. One can easily obtain the distribution of scale K and ability z by using the
log-normal distribution formulas.28 For the “Diﬀerentiated Default Value and Cost”
speciﬁcation, ability z is distributed with mean 1.32 and variance 2.53 whereas the scale
K has mean 3.9 million Baht and a (large) variance of 220 million Baht. The implied
27The standard errors are computed using the outer product of the gradient (OPG) estimator. Since
the ML estimation yields estimates that are functions of the parameters of interest, we use the Delta
Method to obtain the desired standard errors.
28Suppose that x = log(X)a n dy = log(Y ). Then if (x,y) follow a bivariate normal distribution
with parameters (µx,µ y,σ2
x,σ2









x−1). Analogous expressions can be derived for Y . Finally, the coeﬃcient of correlation









22coeﬃcient of correlation between z and K is -.43. The estimated mean of scale K is
comparable to the mean wealth of 1.6 million Baht.
When the ﬁxed cost of formal ﬁnance is common across households, it is estimated
at 685 Baht (US$28) or 311 Baht depending on the speciﬁcation. It is never higher than
2 percent of the average formal loan size.
Table 3: Maximum Likelihood Estimates
Common Default Value Diﬀerentiated Default Value
Com. Cost Dif. Cost Com. Cost Dif. Cost
Variable Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Distribution
µζ -0.191 0.0125 -0.221 0.0123 -0.139 0.0128 -0.165 0.0124
µκ 0.981 0.0199 1.012 0.0197 0.895 0.0226 0.916 0.0220
σζ 0.969 0.0062 0.953 0.0061 0.966 0.0063 0.945 0.0059
σκ 1.561 0.0129 1.543 0.0127 1.610 0.0147 1.572 0.0140
ρ -0.870 0.0038 -0.868 0.0038 -0.844 0.0052 -0.849 0.0049
Formal Access
Constant (in Baht) 685.1 6.4 1,896.5 52.8 311.3 2.4 1,643.5 118.7
Formal Inst. in Village — 0.369 0.0131 — 0.592 0.0243
Past mem. Formal Inst. — 0.800 0.0516 — 0.669 0.0490
Past mem. Informal Inst. — 1.741 0.2289 — 1.033 0.1912
Member of Village Com. — 1.275 0.1092 — 0.844 0.0834
Education — 1.030 0.0052 — 0.968 0.0082
Savings in Formal Inst. — 0.260 0.0099 — 0.255 0.0128
Region — 0.992 0.0222 — 1.022 0.0501
Informal Access
Constant (in Baht) 0.1 6.4 9.0 5.6 4.8 2.7 10.8 3.0
Enforcement Constraint
constant — — 0.898 0.0018 0.917 0.0129
Num. Formal Inst. in Vil. — — 0.985 0.0024 0.985 0.0031
Member of Vil. Com. — — 1.005 0.0076 0.993 0.0076
Sex of Head (Male) — — 1.085 0.0028 1.072 0.0133
Education — — 1.019 0.0003 1.024 0.0011
Region (Northeast) — — 1.006 0.0033 0.984 0.0069
Number of Obs. 2,270 2,270 2,270 2,270
Likelihood -51,647.04 -45,899.40 -43,284.36 -42,056.29
23When the ﬁxed cost of formal ﬁnance is allowed to vary across households, the
intercept ranges from 1,897 Baht (US$76) to 1,644 Baht depending on the speciﬁcation.
This still amount to less than 5 percent of the average formal loan size. This intercept is
the cost per loan that a household would face if its vector of characteristics was zero in
all the variables considered, which is hardly the case. The coeﬃcients of these variables
are shown in exponential form and are multiplicative of this constant term. Thus, if the
coeﬃcient is lower than one, the variable reduces the cost.
Education, social capital and the presence of a formal institution in the village signiﬁ-
cantly lower the cost of formal ﬁnance. Likewise, having savings with a formal institution
also reduces the formal ﬁxed cost, by roughly 74 percent. This seems to suggest that
banks gain valuable information from oﬀering non-loan services to their clients. In ad-
dition, having borrowed from a formal institution in the past also lowers the transaction
cost, but this is not the case with informal borrowers. Hence, the data does not support
the “syndication” argument developed in Jain (1999) and Conning (1996, 1998).
Although the data reject that the ﬁxed cost of formal credit is uniform across house-
holds, the estimation reveals that this cost is nevertheless relatively small.
The transaction costs of informal ﬁnance are estimated at less than eleven Baht in
all speciﬁcations. This ﬁnding complements the work of Siamwalla et al. (1993) also
in Thailand or Udry (1993) and Aryeetey (1997) in Africa. These authors ﬁnd that
information asymmetries are unimportant within rural communities, and since informal
lenders often live in the same village, they are easily accessible.
Table 3 also reports how household characteristics aﬀect the value of defaulting on
the bank loan contract. Education and having the head of the household be a male
increase signiﬁcantly the value of default. Contrary to the intuition that competition
should lead to a tightening of credit constraints, households in villages with more formal
institutions are less likely to face enforcement constraints. A likelihood ratio test between
the diﬀerent speciﬁcations is rejected at any common level of signiﬁcance. Thus, the data
also supports heterogeneity in the ability to default on a formal loan contract.
246.2 Goodness of Fit and Predictions
Table 4 reports the average of the predicted fractions (in columns) for each actual bor-
rowing choice (in rows) for the “Diﬀerentiated Default and Cost” speciﬁcation. Thus,
the diagonal elements of the matrix report the percentage of correct predictions.
Table 4: Goodness of Fit by Borrowing Choice
Self-ﬁnance Bank Moneylender Bank and Moneylender
Self-ﬁnance 54.09 26.02 6.31 13.58
Bank 57.58 27.07 2.08 13.27
Moneylender 39.60 32.91 7.61 19.88
Bank and Moneylender 48.76 31.56 2.49 17.19
Note: In Rows, reported choice, in Columns, predicted choice.
While the model is able to correctly predict more than half of the times the ﬁnan-
cial choice for households that self-ﬁnance, it does poorly in replicating households that
report the other ﬁnancial choices. The intuition for why the model assigns too much
probability mass to the self-ﬁnance choice has to do with the ability to match simulta-
neously the ﬁnancial choice and income. If the likelihood function only maximized the
probability of the ﬁnancial choice, more observations would be correctly predicted.29
We now use the estimates from the last speciﬁcation to explore often households face
a binding enforcement constraint. The model predicts that roughly 85 percent of the
households that borrow from the bank are constrained, as it pays to borrow up to the
constrained limit given that on average they face a relatively low ﬁxed cost.
But how important are enforcement problems along with transaction costs overall?
The top of Table 5 reports the predicted percentage average growth in income and invest-
ment that would result, respectively, without transaction costs but limited enforcement,
perfect enforcement but transaction costs and no transaction costs and perfect enforce-
ment, relative to the benchmark situation where enforcement is limited and transaction
costs are present.
In the context of the data used, it is clear that government eﬀorts should be devoted
to policies that mitigate the enforcement problem, an issue to which we turn next.
29These results (available from the author upon request) appear in an earlier version of the paper.
25Table 5: Percentage Growth in Income and Investment
Investment Income
Relevance of Market Imperfections
Limited Enforcement, No Transaction Costs 0.1 0.2
Perfect Enforcement, Transaction Costs 25.4 347.6
Perfect Enforcement, No transaction Costs 25.7 348.8
Policy Analysis
5 percent cut in formal interest rate 1.4 1.2
Creation in formal institution in village 0.1 0.1
Land Titling Program 15.2 201.5
Note: For each household, 1,000 (z,K)-pairs are simulated from the estimated distribution.
Using each household’s vector of characteristics and estimated parameters, the investment and
income are computed under each scenario. Growth rates for each household and simulation
are computed and the overall mean is reported.
6.3 Policy Analysis
The model is well suited to assess the impact of speciﬁc policies that have been used in
the past to foster rural ﬁnancial development. We ﬁrst consider a policy of subsidized
credit, where an interest rate ceiling is imposed below the market rate. We also consider
a policy that focuses on the creation of village-level formal credit outlets. Finally we
consider a land titling program.30 In terms of the model the ﬁrst policy amounts to
lowering the interest rate that formal institutions charge, the second that all households
live in a village with a formal credit institution and the third to considering that all land
can be used as collateral.
Two major caveats qualify the results. First, no attempt is made to quantify the
costs of implementing such policies, so the results only indicate gross beneﬁts. Second,
we perform a partial equilibrium analysis in the sense that changes in one parameter or
30The ﬁrst two types of policies have been analyzed extensively in the literature by the collection
of articles in Von Pischke, Adams and Donald (1983), Braverman and Guasch (1986, 1993), Hoﬀ and
Stiglitz (1993), Besley (1994) and Yaron (1994). The land titling policy has been suggested by Feder et
al. (1988) and Feder (1993). Although Thailand underwent a successful Land Titling Program, there
are still rural areas, especially those close to Forest Reserves where no formal titles have been issued.
See Gin´ e (2004b) for more details.
26variable, do not aﬀect others.31 Despite these shortcomings, the results reveal substantial
diﬀerences in the impact of the policies considered.
Table 6: Percent Changes in Predicted Probabilities of Financial Choices
SBM B M
5 percent cut in formal interest rate -0.92 2.92 -2.49 0.49
Creation of formal institution in village -0.46 1.39 -2.38 1.45
Land Titling Program -1.06 15.87 -2.32 -12.49
Note: Financial Choices are Self-ﬁnance (S), Bank (B), Moneylender (M)
and Bank and Moneylender (BM).
Table 6 reports the percent changes in the predicted fraction of households making
each ﬁnancial choice for each policy considered relative to the benchmark estimation.
In a subsidized credit policy, the government is inducing agents to start up projects
that at the previous interest rate were not proﬁtable. This implies that the average
entrepreneurial ability in the pool of formal loan applicants decreases. Although an
interest rate reduction succeeds in drawing a larger fraction of households to the bank in
detriment to the use of moneylenders, enforcement problems become more acute.32 In
light of these numbers, it becomes clear why the literature has stressed the low repayment
rates (or high default rates) associated with such a policy.
The creation of a formal institution in the village lowers eﬀectively the transaction
cost without aﬀecting the pool of loans applicants at the low end. However, it does not
alleviate enforcement problems, so once formal ﬁnancing is more attractive (given the
lower ﬁxed cost), agents are more likely to be constrained and will resort to both formal
and informal sources more often.
Only the land titling program succeeds in dramatically lowering the fraction of agents
that resort to both sources of credit. If more assets can now be used as collateral, the
bank will have less problems in advancing the unconstrained amount, and so informal
ﬁnance is less needed.
31This can be problematic for the case of the interest rate charged by moneylenders. As studied in
Hoﬀ and Stiglitz (1997), a subsidized credit policy will have general equilibrium eﬀects in the informal
sector thereby altering the interest rate eﬀectively charged by moneylenders.
32Indeed, one can check from Equation 6 that the loan size decreases with the formal interest rate.
27The bottom of Table 5 reports the average growth in income and investment re-
sulting from the policies considered. Figure 6.3 complements Table 5 by displaying the
conditional average income growth as a function of wealth.
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Figure 6: Percentage Income Growth from diﬀerent Policies
All household characteristics except wealth are set to the sample mean. For
each observation, 1,000 (z,K) pairs are generated, the income under the
benchmark and the diﬀerent policies is computed, as well as the average
income growth. This (conditional on wealth) average income growth is then
smoothed using local weighted regressions.
As expected, the land titling program has the largest impact given how important
are enforcement constraints relative to the transaction costs considered. Notice also that
those with some land holdings gain the most, while the richest do not beneﬁt at all as
they always self-ﬁnance.
7 Conclusions
This paper sheds light on the mechanism underlying access to credit when multiple
lenders coexist. We construct and estimate a model based on limited enforceability and
28transaction costs, two important features of rural ﬁnancial markets. The advantage
of using a structural approach is twofold. First, we are explicit about the source of
unobserved heterogeneity. This allows us to identify the parameters of the model given
the data. Second, and most important, the model allows a quantitative assessment of
diﬀerent government policies often used in rural development.
Several points arise from the results. First, while the cost of accessing a formal
institution are estimated at US$30, informal lenders are accessible at no cost. Second,
although this ﬁxed cost of access to formal ﬁnance is not uniform across households,
it is relatively small. Thus, the limited ability that formal institutions have to enforce
contracts more than ﬁxed transaction costs explain the diversity of lenders.
These transaction costs are incurred before the loan is taken and thus do not include
expenses born by the lender to monitor while the loan is active, presumably recovered
in the interest rate. In any event, using Banerjee’s (2003) transaction costs taxonomy,
we ﬁnd that the estimated magnitude of the “ex-ante monitoring” expenses are not
important.
If we compare the estimated setup to a frictionless one without transaction costs and
perfect enforcement, average income would increase by 26 percent. This number seems
to suggest that market imperfections are important and that there may be a role for
government intervention. We thus provide some evidence as to why policies designed to
provide cheap credit to rural households may not be eﬀective as a land titling program,
provided that the court system is eﬃcient.
Obviously, lower interest rates as a result of eﬃciency gains in intermediation will
increase the number of households resorting to formal institutions. This argument is, in
fact, the main rationale for the presence of micro-ﬁnance institutions in rural areas as
they take advantage of their innovative lending methodology.
But the point still remains that the key constraint to eﬃciency is the inability of
formal lenders to enforce contracts. Therefore, success of policies that mitigate the
enforcement problem seem to be warranted.
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A Data
Wealth of the Household b and Scale k
The scale k, at which the household operates its project, consists of all assets and inputs
used in the production. This comprehensive measure includes the house, the current
value of land-holdings, ponds, buildings, vehicles, equipment, livestock and other house-
hold, agricultural and business assets. Depending on the asset, households are asked the
current or historical value of the asset.33 Following Paulson and Townsend (2004), if the
33Households report the current value of land-holdings, livestock and the house and the historical
value of ponds and all other assets. Typical household assets include refrigerators, washing machines
and furniture. Under agricultural assets one ﬁnds tractors, machinery and tools, and under business
assets there are inventories, equipment and furniture.
33historical worth is given, we compute the current value by ﬁrst converting the purchasing
price to 1997 Baht using the Thai consumer price index, and then depreciating the asset
at a 10 percent rate per year.
Wealth b is the portion of the scale k that is owned and is computed as the diﬀerence
between scale k and loans taken l.34 Without knowing whether the loan is spent, we
would observe k =
 
Ai if the loan is spent, where Ai is the current value of a given
asset i. We would then infer wealth by computing b = k − l. Analogously, if the loan is
not spent, we would then observe b =
 
Ai and estimate the scale as k = b+l. Although
both approaches have obvious drawbacks, we assume that the loan is spent.
Expected Income y
According to the model, net income is y = ye + δk,w h e r eye is the reported expected
net income. We use expected rather than realized because the model is deterministic.
Fortunately, after the current net proﬁt is elicited, the survey asks for an estimate of
next year’s net proﬁt, which is the measure we use.
Working to Total Capital η
To determine whether an asset can be used as collateral, the model emphasizes the legal
status, rather than the physical nature of the asset per se. But since working capital
depreciates fully, all ﬁxed capital is treated as if it could be used as collateral. For
estimation purposes, we consider total capital investment as the sum of collateralizable
ﬁxed assets, uncollateralizable ﬁxed assets and working capital, k = kF
uncol+kF
col+kW.W e
divide ﬁxed assets into kF
col and kF
uncol by running a regression of total amount pledged as
collateral on a constant and the value of several types of assets owned by the household.
We then compute our estimate of ﬁxed capital that can be used as collateral kF
col as the
sum of all assets that are statistically signiﬁcant. Likewise, those assets not signiﬁcant
in the regression are added up into capital not used as collateral kF
uncol. We use owned
titled and non-titled land – cultivated and other –, ponds, buildings used for business
and agricultural purposes and large vehicles such as tractors, trucks and pick-up trucks
34Given our interest in determining the cost of accessing credit, the loan amount l is the sum of
all outstanding loans. From the loans recorded in the survey, 63 percent were taken for productive
purposes, 17.67 percent were consumption loans, 6.45 percent were used pay for ceremonies, educational
and medical expenses, another 5.46 percent were used to re-lend or to repay past outstanding loans. The
remaining 7.4 percent of the loans had other purposes. The category “productive purposes” includes
loans to purchase or repair vehicles, buildings and equipment, as well as livestock and fertilizer, pesticide,
herbicide and seeds.
34also used for business and agricultural purposes.35 Finally we include the value of other
business and agricultural assets such as inventories, equipment, furniture, etc.
Table 7: Collateral Regression
Variable Coeﬃcient S.E.
Constant 208521.3∗∗∗ 60917.1
Titled cultivated land 0.1857∗∗∗ 0.0110
Titled other land 0.0344∗∗∗ 0.0133
Non-titled cultivated land 0.1637 0.1034
Non-titled other land 0.2026 0.4125
Ponds 7.3787∗∗ 3.1625
Buildings for agricultural purposes∗∗ 11.9807 5.2060
Vehicles for agricultural purposes 4.9751 2.9426
Buildings for business purposes 4.5004 6.2188
Vehicles for business purposes 7.6871 7.0247
Livestock -7.0480 12.0867
Other business assets 0.4457 2.2325
Other agricultural assets -0.7603 1.8784
Number of Observations 737
Adjusted R2 0.3422
Note: The symbol ∗∗∗ and ∗∗ indicate that the variable is
signiﬁcant at the 1 and 5 percent level, respectively. The
dependent variable is the value of assets pledged as collateral
for loans that required collateral. The regression is estimated
using OLS methods.
Source: Townsend-Thai Data.
Conﬁrming the common practice of banks, our estimate of ﬁxed capital used as col-
lateral includes all titled land (cultivated and other), ponds and buildings for agricultural
purposes.36
35As described in Feder et al. (1988) and Gin´ e (2004), the Thai Government issues diﬀerent land
property documents depending on the legal status, transfer rights and other stipulations. For our
purposes, it is important to note that not all land titles are used as collateral.
36The coeﬃcient of “Buildings for agricultural purposes” is high because what is actually being
pledged as collateral is the land on which the measured structure is located. Given that the building
structure is of little value (compared to the land), the coeﬃcient is high.






The fraction of total non-depreciated capital is no longer δ = ˜ δ(1 − η), because this
expression assumes that ﬁxed capital that cannot be used as collateral depreciates fully.
Rather, the parameter δ is computed as






B Analytical derivation of the Finance Map
In this appendix we provide a closed form solution for the diﬀerent cutoﬀ curves. The
segments denoted KS
M(z) are found by equating the net incomes from self-ﬁnancing YS
with borrowing from a moneylender YM and solving for the scale K.W eo b t a i n
(z + δ − rM)(K − b) ≥ ΓM or K
S
M = b +
ΓM
z − rM + δ
. (13)
The vertical segment at ability zBc
S is found be equating YS and the net income from
borrowing from a bank and being constrained YBc. This yields a quadratic expression
in ability z that does not depend on the scale K:
b ≥
ΓB
z + δ − η
 
η




Given that when ΓB = 0, the positive root is z = rB − δ and the negative is z = η − δ,
the positive is chosen because it satisﬁes z ≥ rB − δ, a necessary condition for optimal
investment to be positive.
Finally, the segment denoted KS
Bu(z) comes from equating the net incomes from
self-ﬁnance YS with going to the bank and obtaining unconstrained credit YBu.




z − rB + δ
. (15)
36Note that the expressions in Equations 13 and 15 are very similar. Next, the cutoﬀ level
KBu
M (z) is found by equating net income of unconstrained borrowing from the bank YBu
with the net income of resorting to a moneylender YM. This yields









which does not depend on the ability z. The cutoﬀ curve KEC(z) is precisely kc in
Equation 6 and divides agents into those that will obtain a constrained amount from
those that will receive the unconstrained maximum capacity K.
The curve KBM
Bc (z) is found by equating the net incomes YBc and YBM. This yields
a quadratic expression in z,




η − (z + δ − rB)
 
(17)





z + δ − rM
+
brB
η − (z − rB + δ)
. (18)
Finally, we need to compare the net income YBc with the net income YM on the one
hand, and YM with YBM on the other, delivering the curve KM
Bc(z) and the cutoﬀ ability
zBM
M respectively. Therefore, comparing YBc with YM we obtain
ηbrB
η − (z − rB + δ) − ΓB
= zK − (K − b)rM + δK − ΓM (19)





z + δ − rM
 
bηrB
η − (z − rB + δ)
− brM − (ΓB − ΓM)
 
. (20)











37which does not depend on K. Solving for z, we obtain,
z
BM
M = η − δ +
ΓBrB
ΓB + b(rM − rB)
. (22)
This completes the characterization of the cutoﬀ curves in Figure 3 in the text.
B.1 Proof of Proposition 1
The goal is to show that for certain values of wealth, some regions that appear in Figure 3
merge or disappear altogether. We assume throughout that 0 ≤ η ≤ 1a n drM >r B > 1.
First, we check when regions M and BM exist. For this, we ﬁnd all ability levels
z such that KM
Bc(z)=KBM
Bc (z). From Equations 18 and 20 or the map in Figure 3 we
know that zBM
M in Equation 22 is a root. In addition, za = rM − δ and zb = rB + η − δ
are also roots.
Note that zb >z a as long as η>r M − rB. Thus, regions M and BM will disappear
if η ≤ rM − rB. In addition, it is always the case that zb >z BM
M because rM >r B and
b ≥ 0 by assumption. Finally, the top region M will exist if (and only if) zBM
M >z a.
Some algebra indicates that this condition, as assumed in Figure 3, is satisﬁed as long
as
b<
ΓB[η − (rM − rB)]
(rM − η)(rM − rB)
= ˜ b. (23)
We now want to determine when the two region M in Figure 3 merge. It is useful to
deﬁne abilities zEC
M,Bu and zBu
M as the level of ability z such that KEC(z)=KBu
M (z)a n d
KBu
S (z)=KM
S (z) respectively. Some algebra yields
z
EC
M,Bu = η − δ +
rB(ΓB − ΓM)







It turns out that both regions merge whenever zEC
M,Bu >z Bu
M . We can write this last






ΓB(rB − rM)+η(ΓM − ΓB)
ΓB(rM − η) − ΓM(rB − η)
= ˆ b. (25)
38Finally, one can show by combining the expressions in (23) and (25) that ˆ b<˜ b
always.
The panels in Figure 7 show the diﬀerent maps described in Proposition 1. Financial
choices are depicted with solid thick lines, while the diﬀerent numbered integrals that


































































































Figure 7: Maps of: Prop 1.i) (top left), Prop 1.ii) (top right), Prop 1.iii) (bottom left)
and Prop 1.iv) (bottom right)
The solid thick lines mark ﬁnancial choices, while solid thin lines separate integrals. The
dotted thick line in Top left Panel plots the function KY
M(yi,z)f o rag i v e nyi.
39C Likelihood Function
For an entrepreneur with income Y = yi, ﬁnancing decision L = li and characteristics
νi, the likelihood can be obtained using Bayes Law as,
f(yi,l i | νi,θ) = Pr[Y = yi | L = li,ν i] × Pr[L = li | νi]. (26)
Using the fact that net income yi = y(z,K) is a function of the unobserved variables,
we can solve for Ki = K(yi,z). The ﬁrst term of (26) can thus be written as




where h(ζ,κ) denotes the joint density of the log ability ζ and log scale κ and the set
Zli contain all points in the domain of ζ where li is the optimal ﬁnancial choice. The
second term in the RHS of (26) is the probability of a given ﬁnancial choice L:








w h e r en o wt h es e t sZli(κ)( o rKli(ζ)) contain all points ζ (or κ)m a k i n gli optimal with
variable κ (or ζ)h e l dﬁ x e d .
As an example, consider an entrepreneur with reported expected income yi, ﬁnancial
choice li = M and wealth b such that b<ˆ b, so that she is facing the top left panel of
Figure 7.
The likelihood for this entrepreneur is
Pr[YM = yi,l i = M | νi] = Pr[YM = yi | li = M,νi] × Pr[L = M | νi] (29)
The ﬁrst part of Equation 29 is













yi +Γ M − rMb




M(yi,z) is the dotted thick line at the top left panel of Figure 7. It
represents the scale K as a function of z that yields yi as net income when the ﬁnancial
choice is li = M.
The second term of the likelihood in Equation 29 is the integral of the joint density
h(ζ,κ) under the regions 7, 8 and 9, corresponding to Region M (also in the top left
panel of Figure 7.
The double integral in Equation 28 can be rewritten using the fact that log ability ζ
and log scale κ follow a bivariate normal distribution:
κ|ζ ∼ N
 










































where φ and Φ denote, respectively, the probability and cumulative densities of a stan-
dard normal distribution. In addition,   κli(˜ ζ) is short-form notation for
  κli(˜ ζ)=








so that a tilde in a variable denotes the normalized variable. Clearly, κli(ζ)a n dκli(ζ)
are bounds such that given log ability ζ, the ﬁnancial choice li is optimal for any κ ∈
[κli(ζ),κli(ζ)].
We compute the integral in Equation 31 above by partitioning it into diﬀerent sub-
integrals with general support [a,b] and possibly [a,∞). These sub-integrals are num-
bered in Figure 7. We approximate numerically each integral with support [a,b]u s i n g
Gauss-Legendre quadrature with 48 points in [−1,1] with an appropriate change of scale.
Analogously, integrals with support [a,∞) are approximated using Gauss-Laguerre with
48 points in [0,∞).
41